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Apparatuses for processing sheet material 

[0001] This invention relates to apparatuses for processing sheet material, such as 
bank notes. 

[0002] Such apparatuses can be used for counting and/or sorting or for depositing 
and/or dispensing bank notes. For example, DE 102 10 687 Al from the apphcant de- 
scribes such an apparatus for depositing bank notes. The bank notes inserted in stacked 
form into an input pocket are singled, then transported through a curved aligning path, 
and subsequently checked for authenticity, nominal value and optionally fitness in a 
sensor module. The accepted bank notes are then [word missing - The Translator] to 
an escrow, such as a film storage, and the non-accepted, so-called reject, bank notes 
output to the operator again. 

[0003] If the operator finally confirms the end of the pending deposit operation, all 
bank notes are transported from the buffer to an end cashbox, such as a bank note cas- 
sette placed in a safe, and the retained amounts credited to an account assigned to the 
operator. Upon an abort of the pending transaction, on the other hand, all bank notes 
are output from the buffer to the operator again. 

[0004] This apparatus has, among other things, a gate module functioning as a di- 
verting device, which has a plurality of transport channels for interconnecting the in- 
put, output, escrow and end cashbox alternatively by switching associated gate vanes. 
Transport and diversion at the nodal points of the gate module is effected with the help 
of pairs of rollers between which the bank notes to be transported and diverted are 
conveyed and diverted by the gate vane. 

[0005] It has turned out diat disturbances in the functional flow of the apparatus can 
occur because the transport of input bank notes within the apparatus cannot always be 
reliably detected, or jams occur in particular during diversion of bank notes in the gate 
module. 
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[0006] On these premises, it is the problem of the present invention to modify a 
processing apparatus as described for example in DE 102 10 687 Al so as to reduce 
the probability of occurrence of errors during the operation of the apparatus. 

[0007] This problem is solved by the apparatuses having the features of the inde- 
pendent claims. All further claims describe preferred embodiments. 

[0008] A first idea of the present invention is that the diverting device itself should 
have means for transporting even poor-quality sheets through between the diverting 
elements without janruning. Since said means are provided precisely where jams are 
very likely to occur, namely at the diverting points themselves, in particular at trans- 
port nodes of a gate, the processing of even poor-quality sheet material is facilitated. 
The means can be an integrated part of the diverting device, the latter advantageously 
being a separate component which can be removed from the processing apparatus for 
trouble-shooting or for maintenance purposes. 

[0009] According to a preferred embodiment, diverting elements, such as diverting 
rollers of a gate, will have a roughened surface to avoid jamming during diversion. 
The svuface should have depressions of at least 1 nun, preferably at least 2 nun. The 
roughening of the surface of the diverting elements causes the sheets to adhere better 
thereto and thus be more easily diverted. 

[0010] According to a further advantageous embodiment, the diverting element can 
also be a paddle wheel with outwardly protruding paddle elements. The use of paddle 
wheels has the advantage that the arriving sheet material can be pulled along by rota- 
tion of the paddle wheel toward a diverting point in the transport path of the diverting 
device, which likewise permits a reliable diversion of even poor-quality sheet material 
and thus a prevention of jams. 

[0011] Further, the means for preventing jams can also consist in the diverting ele- 
ment being rotatably mounted and either being formed completely from an elastic ma- 
terial or having at least an elastically deformable surface area which is deformed upon 
rotation of the diverting element complementarily to the form of an opposite diverting 
element such that a large-area contacting of the sheets to be diverted is given upon 
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transport of the bank note to be diverted through between the elastically deformed and 
the opposite harder diverting element. 

[0012] Moreover, a means can preferably be provided as part of the diverting device 
for smoothing the directly following sheets to be diverted, by which at least the lead- 
ing edge of the sheet material is pulled apart inmiediately before the diversion in a di- 
rection perpendicular to the transport direction. Said smoothing means can in particu- 
lar have conically formed pressure rollers with an elastic surface, as e.g. described in 
EPl 199 681 A2. 

[0013] Because the inventive smoothing means is provided only immediately before 
the particularly jam-prone diversion in the gate and e.g. not directly after the singler in 
the processing apparatus, however, a contribution is made to preventing a jam espe- 
cially of those bank notes that are only creased or folded in the apparatus itself due to 
errors during transport from the singler to the gate. 

[0014] According to a further independent idea of the present invention, in the case 
of a transport path in which bank notes are first aligned and then transported further in 
the aligned state, a monitoring of the sheet position by means of light barriers will only 
be carried out after traversal of the aligning path. The monitoring can be used for as- 
certaining transport disturbances and/or for controlling the apparatus 1 in time coordi- 
nation with the actual position of the bank notes in transport. 

[0015] When said position monitoring is otherwise effected by means of light barri- 
ers e.g. already before the bank notes traverse the aligning device, it might in some 
cases happen that certain bank notes are not recognized. This problem has arisen in 
particular with polymer bank notes having see-through windows, since with the light 
barrier mounted inunediately after the singler it has happened that the light barrier for 
transport monitoring has shone precisely through such a see-through window due to 
the possible lateral offset of the bank notes not yet aligned. Depending on the form of 
said see-through windows and the data read cycle of the light barrier, problems have 
sometimes occurred in the recognition of the bank notes in such cases. 



[0016] Since said transport monitoring is now carried out according to the invention 
only after an alignment of the bank notes, a defined sheet running plane of the bank 
notes is reliably given, so that the associated light barriers can preferably be disposed 
in an area where the bank notes normally to be checked do not have a see-through 
window. This consequently permits reliable transport monitoring, in particular with 
bank notes having see- through windows. 

[0017] Further advantages of the present invention will result from the following 
description of preferred embodiments with reference to the enclosed figures. These 
show: 

Fig. 1 a schematic cross-sectional view of part of a cash deposit apparatus accord- 
ing to a first embodiment of the present invention; 

Fig. 2 a schematic cross-sectional view through part of a gate module of the cash 

deposit apparatus of Figure 1 ; 

Fig. 3 a cross section along the line I-I of Figure 2; 

Fig. 4 an alternative structure of the gate module of Figure 2; and 

Fig. 5 a further alternative structure of the gate module of Figure 2. 

[0018] Fig. 1 shows part of a bank note processing apparatus 1 . The apparatus 1 is 
constructed, except for the differences specified more exactly hereinafter, like the cash 
deposit apparatus described in detail in DE 102 10 687 Al from the applicant. The 
apparatus 1 specifically comprises in a basic module 2, among other things, an input 
pocket 3 for inputting a loose stack of bank notes to be deposited. After singling by a 
singler 4 the bank notes are aligned by means of an alignment unit 5 with obliquely 
mounted transport rollers along a curved aligning path Si laterally against a stop edge 
extending in the transport direction. After traversal of the aligning path Si the bank 
notes are passed through a sensor path Sa having parts of a checking unit 6 mounted on 
the opposite sides thereof for checking the bank notes for authenticity, nominal value 
and optionally fitness. After traversal of the sensor path S2 the bank notes are trans- 



ported by means of a downstream transport unit 7 along a further transport path S3 to a 
gate module 8 as the diverting device. 



[0019] The gate module 8, whose detailed description in DE 102 10 687 Al is 
hereby expressly referred to, has a plurality of transport channels which are formed by 
opposite transport surfaces with meshing pairs of rollers between which the bank notes 
are transported through. A first transport channel 9 is connected to the transport path 
S3 and opens into a gate node as the diverting point 13 from which two further trans- 
port channels 1 1 and 12 branch off. By mechanical displacement of a gate element 10 
at the diverting point 13 the bank notes categorized as non-accepted in the checking 
unit 6, such as the bank notes not recognized, are passed on via the transport channel 
12 to a transport path S4 which opens into the pocket 3 again in which the non- 
accepted, so-called reject, bank notes are output again on a vertically adjustable base 
plate 15. 

[0020] All bank notes recognized and accepted by the checking unit 6, on the other 
hand, are diverted to the other transport channel 11 at the diverting point 13 of the gate 
module 8 by corresponding displacement of the gate vane 10. By displacement of a 
second gate vane 16 the bank notes are then diverted at a further diverting point 17 to 
the transport channel 1 8 which leads to an escrow module ZK, which for clarity's sake 
is not shown and can be designed e.g. as a film storage, for storing the deposited bank 
notes temporarily until the end of a pending transaction. 

[0021] After all bank notes deposited during a pending transaction are [sic] have 
thus been either output again to the pocket 3 as reject bank notes or transported to the 
escrow ZK as accepted bank notes, the depositor can either confirm the end of the 
pending transaction or abort it. In case of confirmation, all bank notes contained in the 
escrow ZK are transported along the transport channels [sic] 18, the diverting point 17 
and the further transport channel 19 to an end cashbox EK located below the basic 
module 2 in a safe, where the bank notes are finally stored in an associated cassette. 
The amounts deposited and stored in the end cashbox are then credited to an account 
assigned to the depositor. 



[0022] If the pending transaction is otherwise aborted by the depositor, all bank 
notes already contained in the escrow ZK are transported along the transport channels 
18, 1 1 and 12 to the transport path S4 for reoutput of the bank notes onto the delivery 
surface 15 of the pocket 3. 

[0023] Unlike the embodiment of such a cash deposit apparatus described in DE 
102 10 687 Al, the apparatus 1 of the present invention as shown in Fig. 1 is charac- 
terized by having a light barrier 20 immediately after the aligning path Si for monitor- 
ing the passing run of the bank notes ahgned by the alignment unit 5. In the described 
variant, the light barrier 20 is preferably directly upstream of the checking unit 6 in 
order e.g. to be able to control the sensor elements of the checking unit 6 in depend- 
ence on the actual position of the arriving bank notes as detected by the light barrier 
20. 

[0024] Since the light barrier 20 is mounted in this position and not for example al- 
ready in or before the aUgnment path Si, it is also possible to avoid errors in the recog- 
nition of those bank notes having see- through windows. Due to the lack of alignment 
before traversal of the aligning path Si, such bank notes might in some cases not be 
detected correctly by a light barrier disposed in the singler or in the aligning path S 1 
because a Ught barrier disposed there might possibly transilluminate precisely the see- 
through area. 

[0025] Alternatively or in addition, it is also conceivable that a pluraUty of light bar- 
riers are disposed perpendicular to the transport direction such that at least one of the 
light barriers does not shine through the see-through window. Alternatively, it is also 
possible to use a Ught wavelength in which the see-through film is not, or only weakly, 
transparent. In these cases the light barriers can also abready check the position of the 
bank notes before or during alignment. 

[0026] A further difference of the inventive apparatus 1 in comparison with DE 102 
10 687 Al is that the diverting device, i.e. the gate module 8 here, itself has means to 
be able to divert even poor-quality bank notes without jamming. 



[0027] Fig. 2 shows part of the gate module 8 in a schematic view. Three transport 
channels 9, 1 1, 12 leading to the diverting point 13 are formed by spaced guiding sur- 
faces 35, 36, whereby from opposite sides pairs of transport rollers 25, 26 mesh 
through associated apertures. By rotation of the transport rollers 25, 26 around their 
respective axles 25a, 26a the bank notes are conveyed through between the transport 
rollers 25, 26. For clarity's sake. Fig. 2 shows only the transport rollers 25, 26 of the 
transport channel 9, although they are also present in the other transport channels 11, 
12 for supplying and removing the bank notes to be diverted or already diverted. 

[0028] The bank notes conveyed by the transport rollers 25, 26 within the transport 
channel 9 then come into the area of the diverting point 1 3 where the bank notes are 
grasped by opposite wheels 27, 28 which comb the transport channel 9. The rotation of 
the wheels 27, 28 around their respective axles 27a, 28a in the direction shown by ar- 
rows in Figure 2 causes the bank notes to be urged against the curved surface lOO of 
the gate vane 10 and to be diverted along said surface lOO toward the transport chan- 
nel 1 1 , in which they are again transported, by the action of the rollers 27 and 30 
touching each other and combing the transport channel 1 1 , through the channel 1 1 to 
the second diverting point 17. 

[0029] In the specific example of Fig. 2, the gate module 8 thus has as diverting 
elements in particular, on one side, the roller 27 and, on the opposite side, the rollers 
28 and 30 between which the bank notes are transported and diverted by the gate ele- 
ment 10. 

[0030] Although not restricted thereto, it is advantageous for avoiding torques on 
the diverted bank notes if a plurality of rollers are in each case mounted on the axles 
25a, 26a, 27a, 28a and 30a. In the area between two rollers on an axle a gate vane 10 
will preferably be disposed in each case. That is, the gate vane 10 of Figure 2 shown 
by dotted lines is actually offset in a different plane from the rollers 25, 26, 27, 28 and 
30, regarded in a direction perpendicular to the sheet plane of Fig. 2. The individual 
gate vanes can engage between the particular rollers 27, 28, 30 on the axles 27a, 28a, 
30a and are preferably rigidly interconnected to be able to be displaced jointly. 



[0031] The diverting device, i.e. the gate module 8 of Fig. 2, is characterized in par- 
ticular by at least the roller 30 having a surface produced so as to be roughened. As 
can be seen in the detail of the surface 30O of the roller 30 shown enlarged in the left 
lower half of Figure 2, the surface 30O has depressions 30T having at least a depth T 
of 1 mm, preferably 2 mm. Such a structure can be obtained chemically, mechanically 
or optically, for example by an etching operation or by finishing the surface 30O using 
laser radiation. 

[0032] An advantage of said roughened, i.e. unevenly profiled, surface in compari- 
son with normally used rollers having a smooth surface is that the bank notes are 
grasped and diverted more reUably. The bank note coming from the roller nips be- 
tween the rollers 25, 26 and 27, 28 hits with its leading edge the roller 30. The surface 
depressions 30T thereof cause the leading edge to be grasped and drawn into the feed 
area of the roller nip of the rollers 27 and 30. 

[0033] On the one hand, it can be provided that all rollers 27, 28, 30 have a thus 
roughened surface in the area of the diverting point 13. Alternatively, it can also be 
provided that, of the rollers 27, 28, 30, only the rollers 28, 30 adjacent the diverting 
surface lOO of the gate vane 10 have such a rough surface. 

[0034] If a plurality of rollers 27, 28 or 30 are in each case present on the axles 27a, 
28a or 30a, and gate vanes 10 in each case in the interjacent areas, another of the roll- 
ers 27 or 28 can otherwise also have such a roughened surface in another plane, while 
the remaining rollers 27 and 30 or 28 and 30 have a smooth surface in said plane. 
When the bank note is to be diverted for example from the transport channel 11 to the 
transport channel 12, which involves mechanical displacement of the gate vane 10, 
particularly the roller 28 can have a roughened surface e.g. in a plane different from 
the sheet plane, since in this position of the diverting surface, i.e. in this gate vane po- 
sition of the surface lOO' of the gate vane 10, it hits the leading edge of the bank note 
to be diverted precisely onto said roller 28 [sic]. 

[0035] The gate module 8 of Fig. 2 of the present invention differs from the known 
gate module according to DE 102 10 687 Al additionally by the construction of the 
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transport rollers 25, 26 for supplying the bank notes to the diverting point 13. Their 
cross section along the line I-I of Figure 2 is shown schematically in Fig. 3. 

[0036] As abready mentioned above, a plurality of spaced-apart transport rollers 25, 
26 are rotatably mounted on axle 25a and 26a, respectively, which, meshing in pairs, 
engage associated gaps of the guidance faces 35, 36 of the transport channel 9. The 
rollers 26 on one side of the transport channel 9 are characterized by being beveled in 
the area coming in contact with the opposite rollers 25. The rollers 26 are preferably of 
conical or frustoconical form. 

[0037] It is not absolutely necessary for all rollers applied to the axle 26a to have 
said conical embodiment. However, rollers 26 on the left side of the roller 26' must 
have a different inclination from rollers 26 on the right side of the roller 26*. Since the 
inclined face of the conical surface is now reversed on the rollers 26 mounted on the 
left of said roller 26' compared to the rollers 26 on the other side, it is achieved that the 
surface areas of the rollers 26 are deformed outwardly due to the elastic deformation of 
the rollers 26 during transport of a bank note BN through between the rollers 25, 26, 
thereby causing at least the leading edge of the bank note BN transported past to be 
pulled apart, as indicated by the arrows K in Fig. 3. This tightening of the leading edge 
inmiediately before it runs into the diverting point 1 3 leads to a considerably reduced 
number of jams in the otherwise especially jam-prone gate module 8. 

[0038] Although an active mechanical displacement of the axles 25a or 26a with re- 
spect to each other is also advantageous in order to control in defined fashion the de- 
formation of the rollers 26 and thus the associated dynamic effect on the bank notes 
BN, this effect can also be obtained without active displacement of the axle 25a, 26a at 
a fixed distance of the axles 25a and 26a if the deformation of the surface of the rollers 
26 is effected by the bank note BN itself running in between the opposite rollers 25, 26 
located in contact. 

[0039] Besides the above-described variants, further modifications are of course 
possible. Fig. 4 illustrates an alternative means for preventing jams during diversion of 
sheets in the gate module 8. The representation corresponds substantially to that of 
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Fig. 2, whereby the transport rollers 25, 26 basically of course also present in this case 
for supplying bank notes to the diverting point 13 are omitted merely for clarity's sake. 

[0040] In comparison with the variant according to Fig. 2, in which the diverting 
elements, i.e. at least the roller 27, has a roughened surface, the corresponding divert- 
ing roller 37 according to Fig. 4 is characterized by being formed either completely or 
at least in a surface area from an elastic material which is deformed complementarily 
to the form of the opposite diverting rollers 30, 38 upon rotation around the axle 37a. 
The diverting rollers 28, 30 are formed from a hard material that is not significantly 
deformed by the action of the roller 37. The roller 37 is mounted rotatably around the 
axle 37a. 

[0041] The material of the roller 37 is selected so as to be deformed significantly in 
the contact area with the opposite rollers 28, 30 having a harder surface. The material 
used for the roller 37 can be for example a foam material, such as a PUR soft foam, 
e.g. made of polyester or polyether. 

[0042] The use of the elastic roller 37 of the [sic] firstly increases the contact sur- 
face with the opposite rollers 28, 30. Moreover, the deformation of the elastic roller 37 
between the opposite hard rollers 28, 30 causes the gap 29 between the surface lOO of 
the gate vane 10 and the surface 370 of the roller 37, regarded in a direction perpen- 
dicular to the sheet plane, to be reduced, or actually causes a meshing of the surfaces 
lOO, 370 of the axially tandem roller 37 with the gate vane 10. By the rotation of the 
roller 37 this not only causes a force Fl or F2 to be exerted at the contact points of the 
rollers 37 and 28 or 37 and 30, but also an additional feed force F3 in the area of the 
surface lOO of the gate vane 10 along which the bank note is guided for diversion. 
This supports a reliable diversion of the transported bank notes at the diverting point 
13. 

[0043] It should be emphasized that the elastic roller 37, measured in a non- 
deformed state, preferably has a larger radius than the opposite rollers 28, 30 to 
thereby increase the stated effect further. 



[0044] A further alternative to the embodiments according to Figs. 2 and 4 is shown 
in Fig. 5, whose view corresponds substantially to that of Fig. 4. Unlike the embodi- 
ment according to Fig. 4, the variant according to Fig. 5 has, instead of the roller 37 
with a deformable surface 370, a paddle wheel 47 having a plurality of radially dis- 
posed paddle vanes 48. The paddle vanes 48 are flat metal plates 48 mounted radially 
on the cylindrical axle 49. 

[0045] Since the diverting element used is now not a roller 27 or 37 but a paddle 
wheel 47 with vanes 48, it can be achieved that by rotation of the paddle wheel 47 
around its axle 49 the sheet material to be diverted arriving in the transport channel 9 
is pulled along in the transport channel 9 toward the diverting point 1 3 by the vanes 48 
acting on the sheet material. 

[0046] This again permits even bank notes in poor condition to be conveyed 
through the diverting point 1 3 particularly reUably . The rotation of the paddle wheel 
47 is preferably synchronized with the time of arrival of the next bank note to be di- 
verted in the transport channel 9, said time being optionally detected by a light barrier, 
in order to prevent the incoming bank note from hitting the tips of one of the stacker 
fingers 48 and a jam being caused for precisely that reason. 

[0047] It should be emphasized that the above-mentioned variants for avoiding jams 
in the diverting device 8 can also be used independently or in combination with each 
other. If a plurality of diverting elements, such as rollers 27, 27 [sic] or paddle wheels 
47, are in each case mounted on a conunon axle perpendicular to the transport direc- 
tion, it is additionally possible to use conventional hard rollers with a smooth surface 
that are not specially designed for the inventive avoidance of jams and are described 
e.g. in DE 102 10 687 Al. Moreover, it is not absolutely necessary to use rollers for 
transporting or diverting the bank notes; transport by endless belts is also fundamen- 
tally possible. 

[0048] Since a diverting device located in the transport path itself thus has means 
for transporting even poor-quality sheets through between diverting elements of the 
diverting device without jamming, and/or a transport monitoring of the position of the 
sheets in the transport path is carried out only after traversal of an alignment unit, a 
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particularly reliable operation of the processing apparatus with a low probability of 
jams and malfunctions is possible. 



